The factors which distinguish molten salts from other non-aqueous solvents are described and the range of systems available outlined.
Molten salts differ from conventional non-aqueous solvents in two major respects. Firstly, their melting points are considerably higher, and secondly, they are much more ionic in character. The first difference is not necessarily a great disadvantage, especially if the lower melting eutectics are used (see Table 1 ), and indeed the higher temperatures available can be of positive advantage in certain reactions. The second difference enables a range of D.H.KERRIDGE chemical reactions tobe approached more readily, the ionic nature conferring high electrical and thermal conductivities and promoting the solution of ionic solutes. Solubility in molten salts is partly physical in that solutes can enter the 'holes' in the ionic structure created by the quite large increase in molar volume caused by melting (e.g. (LH~/V.) x 100 for LiCI is 26.2; for NaBr, 22.4; for KI, 15.9; for LiN0 3 , 21.4; for KN0 3 , 3.3; for KSCN, 10). Such solutions are typified by the rare gases in molten nitrates where the solubilities increase with temperature (as well as with pressure). For example, the Henry's Law Constant for helium in sodium nitrate is 1.86 and 2.80 and for argon 0.64 and 1.04 mol ml-1 bar-1 at 332 and 441 oc, respectively 1 • However, many other solutions are the result of 'chemical' interactions, as, for example, hydrogen fluoride dissolving in molten fluorides (cf. HF in NaF/ZnF 4 (60:40mole %), K 8 = 1.53, 1.03, 0.81 molml-1 bar-1 at 600, 700 and 800°C) 2 , while the solution oftransition metal cations in chloride and nitrate melts Ieads to coordination, as is clearly shown by their spectra. It is perhaps less expected that metals are generally soluble in their molten halides and that they are usually completely miscible at temperatures not far above the melting points of the molten salt (see Figure 1 ). Such solutions have frequently been interpreted in terms of the formation of lower oxidation states 3 • The study of reactions in molten salts is often facilitated not only by such solubilities and the higher temperatures but also by the fact that the solvent itself can act as a reactant and that it is at the highest possible concentration (e.g. for molten LiOH molality is 42 m). Earlier chemists (e.g. Scheele) took advantage of this to some extent, e.g.
Fe in fused KN0 3 (2) and the use of melts in prepara tive reactions has never completely ceased:
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Finally, the point may be made that a really vast choice ofpotential solvents exists, since Iiterally any salt which is thermally stable can be melted to provide a solvent with potentially interesting properties. The chemical characteristics vary widely from the alkali metal halides to more covalent halides, including transition metal halides, pseudo-halides, oxoanion salts such as nitrates, nitrites, sulphates, carbonates, to the higher melting complex polymeric borates and silicates.
Some account of recent advances in the use of such non-aqueous solvents as reaction mediawill now be given. For convenience they aresetout under five headings: 1. Exchange reactions; 2. Reactions of organic compounds; 3. Acid-base phenomena; 4. Coordination equilibria; 5. Oxidation-reduction reactions.
EXCHANGE REACTIONS
The reatly exchange of halide and pseudo-halide ions for other combined halogens is an immediately useful feature ofmolten salt solutions. Many Such exchanges have now been extended to the preparation offluorocarbon compounds and because of the industrial importance of these compoonds a careful parametric study has been made of the influence of temperature, flow rates and concentration. For example, CC1 4 + p--CC1 3 F, C 2 Cl 3 F, C 6 Cl 4 F 2 , etc. ( 9 ) in KF/KCl at 675° (ref. 9) The formation ofbromides has also been carried out in a low melting eutectic which is thus less thermally destructive towards organic compounds. Two examples are
using NaBr/AIBr 3 at 170°.
REACTIONS OF ORGANIC COMPOUNDS
Many other reactions of organic substances can usefully be carried out in molten salts. For example, hydrogenations, dehydrogenations, chlorinations, eliminations and rearrangements take place efficiently in molten salt reactors and much ofthe pioneeringwork has been weil summarised bySundermeyer 11 . This type of work has been extended in particular by Kunugi and coworkers12·13 and Kikkawa et al. 14 . For example, on chlorination in KCl/CuCl at 320° propene was found to form 1-and 3-chloropropenes and 1,2-dichloropropene, while in the samesolvent at 300°C, 1,3-butadiene forms 3,4-dichloro-1-butene, cis-and trans-1,4 dichloro-2-butene, 1-chloro-1,3-butadiene, and at 350° 4-vinyl-1-cyclohexene and cyclo-octadiene are also formed 13 · 14 . Rearrangement reactions including cyclizations have been found when haloalkanes were passed through KCI/SnC1 2 eutectic at 280°. For example, 1-bromo-2-methyl-propane undergoes a series of reactions, which may be set out schematically as Altogether 15 haloalkanes were investigated in this way.
REACTIONS IN MOLTEN SALTS

ACID-BASE PHENOMENA
Ionization schemes analogous to those found in non-aqueous solutions may, in some molten salts, also take on a specific acid-base character. For example, the chloride exchange reactions in sodium tetrachloroaluminate, which melts at 175°, can be represented by the equilibrium 2AICI~ ~ Al 2 Cli +Cl- (13) This is displaced to the right-hand side with increasing temperature and also with substitution of Iithium for sodium ions 16 . Chloride ions, defined here as the basic species, are produced by the addition of the strongly basic oxide ion, water and the weakly basic fluoride ion, e.g.
2AICI~ + H 2 0 ~ Al 2 0Cl~ + Cl-+ 2HCI (15) (16) On the other hand, the concentration of the polymeric acidic ion is increased by the addition of protons: 306, 1, 1960) or by the addition of alumini um trichloride itself. Evidence for the ethane-like binuclear complex has been obtained from Raman spectroscopy 17 , while e.m.f. and vapour pressure studies have provided evidence for the binuclear and for the trinuclear Al 3 Cl~0 anion in solutions containing additional aluminium trichloride 18 • The rapid variation in chloride ion concentration is illustrated in Figure 2 . In contrast to this simple formulation, the acidic and basic species present in molten alkali meta! nitrates have been the subject of considerable controversy. Duke and bis co-workers 19 have proposed the ionization reaction NO~~ NO.i + 0 2 - (18) followed by (19) However, Topoi, Osteryoung and Christie 20 were not able to confirm the presence of the acidic nitryl ions and suggested nitrogen dioxide as the acidic species: (20) though without offering a mechanism for its formation. The controversy has since lain dormant, although increasingly other authors have postulated small concentrations of nitryl ions to explain aspects of reaction kinetics, and the hypothesis has been shown to be essential in explaining the results of certain electrochemical experiments 21 • The assumption that oxide ions were the basic species was first challenged by Kohlmuller, who postulated the formation of orthonitrate: (21) i.e. effectively a solvated oxide anion 22 . Shams EI Din and EI Hosary 23 suggested that in fact the pyronitrate species was formed:
Most recently, Zambonin and Jordan 24 have postulated the oxidation reactions NO~+ 0 2 -~N02 + o~-
with equilibrium constants derived from their voltammetric studies of K 23 = 3 and K 24 = 6.7 x 10-11 , although in the presence of oxygen the superoxide ion is also formed by the reaction o~-+ 0 2 ~ 202 (25) for which the equilibrium constant K 25 is 3.5 x 10 5 . Although these observations were further considered and substantiated by several subsequent papers by Zambonin, until recently they bad received no independent support. Now it has proved possible to calculate K 24 from a manometric study of the oxidation (25) using solid oxides 25 and from the equilibrium constant of the reaction 26 :
REACTIONS IN MOL TEN SAL TS
It may be noted that K 23 itself can only be calculated using the equilibrium constant of (27) derived from hydroxide melts, although a similar value was found for the solid state equilibrium. The conclusion that all basic melts contain peroxide and also superoxide if exposed to oxygen is not, however, in accordance with other chemical evidence. An explanation has been sought in terms of solvation reactions:
where [S] could be one or two nitrate ions. This couid explain the one-electron electrode reaction found by Zambonin and bis co-workers and the two-electron reaction found by most other workers, in terms of the reactions (29) and (30) Calculation shows ( Figure 3 ) that with the measured values of K the concentration of oxide ions is <0.001 per cent even for the most favourable conditions where there is a high initial oxide concentration and where K 28 ~ 0, while the proportion of 0~-reaches 1 per cent only if initial oxide is more than 10-3 m and K 28 < 10 7 • In fact, one-electron slopes have been found in electrochemical experiments using solutions as concentrated as 10-2 m and two-electron slopes with solutions as dilute as 10-6 m However, an explanation for these anomalies was sought in the fact that the former solutions were contained in platinum or Teflon and the latter in glass or silica, suggesting that silicate formation may introduce an additional equilibrium reaction, xSi0 2 + 0 2 -= (Si0 2 )x0 2 - (31) leading to the electrode reaction (Si0 2 )x0 2 -= xSi0 2 + f0 2 + 2e- (32) Now the reaction of a Lux-Fiood acid in melts contained in glass vessels would be represented by 
COORDINATION EQUILffiRIA
There is a long-established interest in the coordination stereochemistries adopted by transition metal cations dissolved in and thus possibly solvated in molten salt solutions, and many such cations have been used as probes in the investigations of melt structures. Nickel(n) cations, which historically gave the first evidence for the tetrahedral Ni Cl~-complex when dissolved in Iithium chloride-potassium chloride, have also been used with other chloride melts. An increase in the concentration of Iithium ions or a decrease in temperature is found to encourage the alternative octahedral geometry 28 • Increasing concentrations of nickel chloride in caesium chloride melts produce a new species, also possibly of tetrahedral coordination 29 , whereas introduction ofmagnesium chloride into potassium chloride melts containing nickel(n) results in a conversion to octahedral coordination 30 , probably because chloride ions bonded to magnesium cations contribute less charge to the nickel cations.
When zinc chloride is added to potassium chloride, a more complex series of equilibria are found 31 • Figure4 shows clearly the change ofcoordination from tetrahedral to octahedral symmetry and then back to tetrahedral symmetry as the zinc chloride concentration is increased. Increasing temperature again produces a change to tetrahedral, though both two-species equilibria and continuous distortion mechanisms have been suggested to operate at different concentrations (see Table 2 ).
The properties of nickel ions dissolved in caesium chloride-zinc chloride melts show even more complex behaviour, as is evidenced in a particularly careful study by another group of Ameriean workers 32 (see Table 3 ). Here octahedralN and tetrahedralN indicate nickel at sites in a network of zinc chloride sharing six and four chlorides, respectively, and octahedralp and In pure molten aluminium chloride, dissolved nickel(n) has been found to have octahedral symmetry 33 possibly by sharing two Al 2 Cl; triangular faces, However, in CsAICI 4 a new coordination neither octahedral nor tetrahedral has been reported 34 . Correlation of tetrahedral or octahedral coordination with the size and polarizability of the available ligands is evident from the octahedral coordination in fluoride melts (LiF/NaF/KF and LiF/BeF 2 at 550°C) 3 S, from the mainly tetrahedral coordination in LiBr/KBr at 335° (though with an absorption shoulder at 19000 cm-1 thought tobe due to octahedral coordination) and from the entirely tetrahedral coordination in Lil/KI even at 295° 36 .
OXIDA TION-REDUCfiON REACTIONS (a) Lower oxidation states--
The aspect ofmost general interest is probably the formation of novel cationic species of low oxidation state which are clusters ofvarious geometries. Lower oxidation states are easily formed when a meta! is allowed to come to equilibrium with its own molten halide, and indeed most metal-metal halide reactions are now understood in terms of such compounds.
These compounds are stabilized, however, in the presence of Lewis acids such as aluminium trichloride and are frequently more easily obtained pure by crystallization from alkali meta! tetrachloroaluminate melts. The most studied element in this field is undoubtedly bismuth, which has been found to form Bi+, Bi;+ and Bi~+ cations in molten Na Cl/ AIC1 3 , the last two being shown to have trigonal bipyramidal and square antiprismatic structures, 365 D. H. KERRIDGE respectively. Bi~+ is isoelectronic with the polyborane B 5 H~-(see Figure 5) , the cage being bonded in each case by 12 electrons in molecular orbitals embracing nine equal M-M distances 37 • Earlier e.m.f. studies bad indicated that in the reduction mM2+ + mne-= M:< 2 -nJ+ (37) mn = 3 for tin(n), mn = 1 for lead(n) and mn = 2 for cadmium(n), dissolved in NaCl/AlC1 3 which correspond to the probable species sn;, Pb+ (Figures 6 and 7) . The decomposition is thought to proceed via the nitrite ion produced by thermal decomposition 49 : N03 -+ NO; + !0 2 (40) 2MnO_;-+ 3NO;-+ Mn 2 o;-+ 3N03 (41) and that the nitrite reacts preferentially with halate or perhalate:
IO_;-+ NO; -+ 103 + N03 (d) Reactions of industrial importance-Although much of the above chemistry may be judged at present to be of purely academic interest, it should not be forgotten that reactions in molten salts are ofvery considerable industrial importance. One need only mention the electrolytic reduction of aluminium metal from molten cryolite currently running at more than 10 million tonnes per annum for this to be appreciated.
However, other important utilizations of molten salt chemistry are underappreciated. As illustration, reference will be made to two instances in molten sulphate chemistry. Firstly, it may be noted that thin layers ofmolten sulphates formed in the course of the combustion reactions occurring in modern hightemperature power· stations subsequently collect on the superheater and other heat exchange surfaces. Corrosion of the steel surfaces results following the generalized reaction scheme 59 : Meta! This can be even more serious if the melt layer contains acidic oxides such as V 2 0 5 or W0 3 which also give rise to partial electronic conductivity 60 • It may be noted that vanadium is a frequent impurity in fuel oils.
Vanadium solutions in molten sulphate have, however, been of great usefulness to industry for the last 45 years, as they catalytically oxidize sulphur dioxide to sulphur trioxide, which forms the vast quantities of sulphuric acid our modern economy needs to function. Despite their long use, our present understanding of the inorganic chemistry of such melts is still rudimentary. The reaction has been expressed schematically as (50) but when it is realized that the nature of the vanadium(v) compound is in doubt and that even the oxidation state of the lower vanadium species has been challenged, it becomes clear that much remains to be understood here as weil as in most other areas of molten salt chemistry.
